Thermodynamic and mechanical properties of model mitochondrial membranes.
Cardiolipin is a unique four-tailed, doubly negatively charged lipid found predominantly within the inner mitochondrial membrane, and is thought to be influential in determining membrane potential and permeability. To determine the role of cardiolipin in modulating the properties of membranes, this study investigates the thermodynamics of mixed cardiolipin and phosphatidylcholine monolayers and bilayers. Gibbs free energy analysis of mixed monolayers indicates that at low cardiolipin concentrations (5-10 mol%), there is a positive deviation from ideality on a pure water subphase, while at physiological salt concentrations a negative deviation from ideality is observed. The mechanical properties of bilayers containing cardiolipin were measured using micropipette aspiration. Both apparent area compressibility modulus, as well as lysis tension, decrease with increasing cardiolipin content. This destabilization indicates a decrease in the cohesive energy of the membrane. This interplay between interactions of lipids in monolayers and bilayers, suggests cardiolipin plays a dual role in modulating membrane properties. Cardiolipin enhances lateral interactions between lipids within monolayer leaflets, while simultaneously decreasing the cohesive energy of membranes at physiologically relevant concentrations. Taken together, these findings correlate with the decreased permeability and creation of folds in the inner mitochondrial membrane.